The ten steps of 0.001 ohm each were secured by shunting a fixed resistance of 0.7200 ohms with a set of resistances 1 Such a device for producing changes in resistance by small, even-valued, and equal steps was described in a paper communicated by Waidner and Dickinson, of this Bureau, to the American Physical Society in 1904. However, the printed abstract of this communication (footnote 2) is so very condensed as to contain only a vague suggestion of the arrangement used. Since this date the device has been described by White, Zeitschriftfiir Instrumentenkunde, 27, p. 211, 1907; Diesselhorst, Ibid, 28, p. 2, 1908, and White, Ibid, 34, p. 112, 1914. This bridge is shown in Fig. 1 Bulletin, 3, p. 553, 1907; Rosa and Babcock, this Bulletin, 4, p. 121, 1907 (Scientific Paper No. 73) . 4 Rosa, this Bulletin, 5, p. 413, 1908 (Scientific Paper No. 107 In Fig. 11 , for the sake of simplicity, but one pair of ratio coils is indicated.
There are two pairs, one each of 100 ohm and 1000 ohm coils, connected as shown in Fig. 12 . When using an equalarm bridge connection, one of the two commutators is raised entirely clear of the mercury cups and suspended by the pin (P) Fig. 8. (See also Fig. 2 , which shows one commutator raised and one lowered.) When using the 10:1 or 1 :io ratio, both commutator handles are lowered into position and one link of each raised by a screw (S) , Fig. 8 A complete diagram of connections is given in Fig. 12 , and the general plan, with details omitted, is shown somewhat more clearly Bulletin of the Bureau of Standards [ Vol. 11 by Fig. 1 1 . The points of the battery distributing switch (Fig. 1 2 Fig. 13, and with the aid of this the actual connections may be traced out in By depressing the link at K the auxiliary ratio is connected into the simple bridge at one end of the variable arm, corresponding to the arrangement shown in Fig. 13 Thomson, Philosophical Magazine, 24, p. 149; 1862. The subject is fully treated, with a comprehensive bibliography, inapaperby Wenner, " The Four-terminal C onductor and theThomson [V0i.1t gap Z (Fig. 13) is provided by the link 5-6, Fig. 12 , and the auxiliary ratio and its slide wire are in the extreme lower left corner of Fig. 12. The choice of ratios, equality or 10 to 1, is clearly shown by Fig. 12 and, for the sake of simplicity, is omitted from Fig. 13 .
If it be necessary to use ratio coils of high resistance, the usual method of connecting a Thomson bridge seriously limits the sensitivity attainable, 8 so the connections shown in the figures were adopted, namely, with the resistance of the main and auxiliary ratios in the battery circuit and not directly in the galvanometer circuit, a subject which has been somewhat more fully discussed by Wenner. 9 13. TEMPERATURE-CONTROL SYSTEM
The maximum temperature coefficient of change of resistence of any of the coils, at the temperature at which the bridge is used, is of the order of 15 parts per million per degree C, so that for resistance measurements reliable to 1 part in 3000000 it was necessary to provide a temperature-regulating system capable of controlling the temperature to about 0.02°. Accordingly, the bridge was immersed in a thermostat bath provided with the control system described below.
The oil is contained in a large rectangular copper tank lagged with wood, as shown in Fig. 5 , circulation being forced by a motordriven propeller in an offset tube. In the same offset tube is mounted an electric heating coil of " advance" resistance wire, a portion of the current for which is controlled so that the temperature of the bath remains constant within about 0.03°and that of the coils within 0.01 . The controlling device is a' relay operated by a mercury make-and-break, the motion of which is due to expansion and contraction of the liquid in a large bulb distributed over the bottom surface of the oil bath. The relay, battery, switches, fuses, etc., are all assembled on a board at the end of the table carrying the bridge, as shown in Fig. 2 Fig. 5 ) , a row of small holes just over these in the cover plate being provided and stoppered with hard-rubber plugs when not so used.
The comparison of the 50 + 20^202 + 10 of the bridge with a certified 100-ohm standard for the purpose of expressing all the results in international ohms is accomplished by connecting the standard in the gap X (Fig. 11) 
